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g HEME PROTEINS HEMAT-//S AND HEMAT-2tf AND THEIR USE IN 
/ MEDICINE AND MICROSENSORS 

The subject matter of this application was made with support from the United 
States Government under Grant No. MSB960086 from the National Science Foundation. 
The United States Government may retain certain rights. 

BACKGROUND OF THE INVENTION 

Heme proteins such as hemoglobin and myoglobin play an essential role in 
stabilizing molecular oxygen for transport and storage. The oxygen carrying portion of 
the red blood cell is hemoglobin, a tetrameric protein molecule composed of two identical 
alpha globins (alpha 1, alpha 2), two identical beta globins (beta 1, beta 2) and four heme 
molecules. A heme molecule is incorporated into each of the alpha and beta globins to 
give alpha and beta subunits. Heme is a macrocyclic organic molecule that contains an 
iron atom at its center; each heme can combine reversibly with one ligand molecule, for 
example oxygen. In a hemoglobin tetramer, each alpha subunit is associated with a beta 
subunit to form two stable alpha/beta dimers, which in turn associate to form the tetramer 
(a homodimer). The subunits are noncovalently associated through Van der Waals forces, 
hydrogen bonds and salt bridges. Ligands, particularly oxygen, bind reversibly to the 
reduced form of the iron (ferrous, Fe 2+ ) in the heme. Other ligands which compete with 
oxygen for the heme group include carbon monoxide and nitric oxide. 

It is not always practical to transfuse a patient with donated blood. The well 
known complications of blood transfusion namely incompatibility reactions, disease 
transmission, immunosuppression and the storage limitations of erythrocytes points to the 
need for the development of blood substitutes devoid of these shortcomings. In these 
situations, use of a red blood cell substitute is necessary. A "blood substitute" is a 
preparation that does not necessarily replace blood in all of its functions, but an 
emergency resuscitative fluid that is capable of efficiently transporting oxygen to tissue. 
This fluid, however, must be free of toxic side-effects, as well as of agents of disease such 
as bacteria and viruses. 

For over 50 years, efforts directed to the development of a blood substitute have 
focused on hemoglobin (Hb). Hemoglobin (Hgb) is the oxygen-carrying component of 



